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APOLLO MISSION C', ALTERNATE 1 PRELIMINARY ATTITUDE SEQUENCE
VOLUME II - LUNAR ORBIT

By Mission Design Section, TRW Systems Group

SUMMARY

A preliminary attitude sequence for the lunar orbit phase of the C!
Mission has been presented. The trajectory used in the analysis is for a
vehicle launched December 21, 1968, on the 72-degree launch azimuth. The
trajectory data were furnished by the Mission Planning and Analysis Division.
The results of the analysis were verified using the Apollo Reference Mission
Program and the Apollo Mission Attitude Requirements Program. The mission
rules and procedures were obtained primarily from attendance and participation
in data priority meetings and liaison with appropriate mission planning
activities at MSC. The attitude sequence is compatable with the preliminary
Apollo 8 flight plan except for two recent changes concerning the ECS radiator
constraint deletion and provision of additional S-band communications prior
to the circularization burn which are incorporated in this report.

A detailed orbit-by-orbit description of the attitudes have been pre-
sented along with supporting schematic diagrams. An event timeline, referenc-
ed to mission time has been included for convenience and the availability of S-
band communications has been described.

INTRODUCTION

This report presents a preliminary C' lunar orbit attitude sequence.
The attitude sequence is for a December 21, 1968, launch date with a 72-
degree launch azimuth. The sequence is compatible with the preliminary
Apollo 8 flight plan, Reference 1.

The attitude sequence is presented in three basic parts: a detailed
description of each revolution, an event timeline referenced to mission time
{Table 1), and schematic diagrams representing the major events and attitudes

during each revolution. Detailed look angle and attitude data are available
and will be presented in the C' Reference Attitude Sequence.

It is fully recognized that changes in procedures and event sequences
will occur subsequent to the publication of this report. Any such changes
will be reflected in the reference attitude sequence or addenda thereto.
Comments are solicited, particularly those concerning conflicts with other
mission planning considerations, so that updates to the reference attitude
sequence document will reflect the latest mission planning.



DISCUSSION

First Revolution (Figure 1)

The sequence of significant events that occur during the first re-
volution is as follows:

First lunar orbit insertion (LOII) burn
« Acquisition of MSFN line-of-sight

. Enter darkness

IMU realignment
. Loss of MSFN line-of-sight

. Enter sunlight

N O W e
.

. Lunar observation and photography

The first LOI burn deboosts the CSM from the cislunar trajectory into
a 60-nautical mile by 170-nautical mile elliptical parking orbit. The burn
is performed with the CSM in a retrograde attitude, and the crew is heads
down to afford visual reference with the lunar surface. The LOI; burn attitude
is held inertially fixed until immediately prior to acquisition of MSFN line-
of-sight. The CSM is then rolled 180 degrees to establish S-band communica-
tions. The resulting attitude is held inertially fixed until loss of MSFN
line-of-sight. This inertially fixed attitude satisfies the attitude require-
ments for the IMU realignment which occurs immediately after the CSM enters
darkness, At the loss of MSFN line-of-sight, the CSM is maneuvered to an
attitude which allows lunar visual observation and photography. The vehicle
attitude, with respect to the local horizontal orientation, is a pitch of
minus 45 degrees and a roll of 180 degrees. This attitude is held locally
fixed through the completion of the first revolution.

This attitude sequence allows S-band communications from the acquisition
of MSFN line-of-sight to the loss of MSFN line-of-sight.

Second Revolution (Figure 2)

The sequence of significant events that occur during the second revolu-
tion is as follows:

. Lunar observation and photography
. Acquisition of MSFN line-of-sight
. Enter darkness -

1

2

3

4. IMU realignment ‘
5. Loss of MSFN line-of-sight
6

. Enter sunlight

At the completion of the first revolution, the CSM is in a locally fixed
attitude which allows lunar visual observation and photography. The local
attitude hold is maintained until approximately seven minutes prior to the




CSM entering into darkness. At this time, the local attitude hold is termi-
nated and the existing vehicle attitude is held inertially fixed. This in-
ertially fixed attitude satisfies the attitude requirements for the IMU re-
alignment which occurs about five minutes after the CSM enters darkness.
Approximately eight minutes prior to the loss of MSFN line-of-sight, the
inertial attitude hold is terminated, and the CSM is maneuvered to the circu-
larization burn attitude. The CSM is first maneuvered to an attitude which is
rolled 180 degrees from the burn attitude to allow S-band communicationms.
After the loss of MSFN line-of-sight, the CSM is rolled minus 180 degrees into
the circularization burn attitude. This attitude is held inertially fixed
through the remainder of the second revolution.

This attitude sequence allows S-band communications from the acquisition
of MSFN line-of-sight to the loss of MSFN line-of-sight.

Third Revolution (Figure 3)

The sequence of significant events that occur during the third revolution
is as follows:

Circularization burn

Landmark familiarization and training photography

Acquisition of MSFN line-of-sight

s W N =
.

. Pseudo landing site landmark familiarization and photography

. Enter darkness

. IMU realignment

. Orbital navigation photography
. Loss of MSFN line-of-sight

O 0 N O

. Enter sunlight

Immediately following the start of the third revolution, the circulariza-
tion burn is performed. The circularization burn transforms the initial ellip-
tical parking orbit into a 60-nautical mile circular orbit. The burn is
performed with the CSM in a retrograde attitude, and the crew is heads down
to afford visual reference with the lunar surface. After the burn, the CSM
burn attitude is held inertially fixed for approximately ten minutes. The
CSM is then maneuvered to an attitude which allows landmark familiarization
and photography. 1In this exercise the CSM X-axis cameras are given the same
pointing profile that the CSM shaft drive axis (SDA) will have during land-
mark sightings. The vehicle attitude, with respect to the local horizontal
orientation, is a pitch of minus 52.5 degrees and a roll of 180 degrees. This
attitude is held locally fixed until the CSM cameras become pointed at the
pseudo landing site landmark (Table 2). A manual pitch rate is then initiated
to keep the cameras pointed at the landmark. Approximately 1.5 minutes after
the CSM passes the closest point of approach to the landmark, the pitch rate
is terminated, and the vehicle is pitched minus 70 degrees. The resulting
attitude is held inertially fixed. This inertially fixed attitude satisfies
the attitude requirements for the IMU realignment occurring approximately seven
minutes after the CSM enters darkness. The inertial attitude hold is main-
tained until approximately 19 minutes before the CSM enters sunlight. The



inertial attitude hold is then terminated, and the CSM is maneuvered to an
attitude which allows orbital navigation photography. The vehicle attitude,
with respect to the local horizontal orientation, is a pitch of minus 90 )
degrees and a roll of 180 degrees. This attitude is held locally fixed while
the CSM X-axis cameras perform vertical stereo photography. The CSM windows
are oriented away from the sun to allow better photography. This attitude

is held locally fixed through the completion of the third revolution.

Except for a small period of time during the photography of the pseudo
landing site landmark, this attitude sequence allows S-band communications
from the acquisition of MSFN line-of-sight to the maneuver to the orbital
navigation photography attitude.

Fourth Revolution (Figure 4)

The sequence of significant events that occur during the fourth revolu-
tion is as follows:

. Orbital navigation photography
. Acquisition of MSFN line-of -sight
. Landmark lighting evaluaticn

. IMU realignment

1
2
3
4, Enter darkness
5
6. Loss of MSFN line-of-sight
7

. Enter sunlight

At the start of the fourth revolution, the CSM is in the locally fixed
orbital navigation photography attitude. The local attitude hold is main-
tained, and the vehicle is rolled minus 180 degrees as it passes over the sub-
solar point to orient the windows away from the sun. Approximately 13 minutes
before the CSM passes the closest point of approach to the pseudo landing site
landmark, the CSM is maneuvered to the initial tracking attitude for the Mode
II1I type landmark sighting attitude sequence (Figure 5). The attitude at the
beginning of a Mode III type tracking sequence, with respect to the local hori-
zontal orientation, is a pitch of five degrees. This attitude is maintained
locally fixed until the CSM is about three minutes from the closest point of
approach to the landmark. The CSM 1is then given a minus 0.3 degrees per
second pitch rate to keep the landmark in the optics field of coverage through-
out the tracking period. Approximately 1.5 minutes after the CSM passes the
closest point of approach to the landmark, the pitch rate is terminated. This
Mode III type tracking sequence is used for the landmark lighting evaluation
of the pseudo landing site landmark. After the tracking sequence is termina-
ted, the CSM is rolled 180 degrees to gain S-band communications, and the re-
sulting attitude is held inertially fixed. This inertially fixed attitude
satisfies the attitude requirements for the IMU realignment occurring approxi-
mately nine minutes after the CSM enters darkness. About seven minutes before
the CSM enters sunlight, the inertial attitude hold is terminated, and the CSM
is maneuvered to the initial landmark tracking attitude for a Mode III type
landmark sighting sequence, which occurs early in the fifth revolution on
the second control point landmark (Table 2). The initial landmark sighting
attitude, which is a pitch of five degrees with respect to the local horizontal
orientation, is held locally fixed through the completion of the fourth re-
volution,




This attitude sequence allows S-band communications from the completion
of the landmark evaluation to the loss of MSFN line-of-sight,

Fifth Revolution (Figure 6)

The sequence of significant events that occur during the fifth revolution
is as follows:

. Landmark sighting on the second control point landmark
Acquisition of MSFN line-of-sight

Landmark sighting on the pseudo landing site landmark

Enter darkness
IMU realignment
. Loss of MSFN line-of-sight

~N o W, s~ W -
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. Enter sunlight

At the beginning of the fifth revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sighting
sequence is performed on the second control point landmark (Table 2), and
then the vehicle is maneuvered back to the initial landmark tracking attitude
for a Mode III type landmark sighting sequence on the pseudo landing site
landmark. After the completion of the sighting sequence on the pseudo
landing site landmark, the CSM is rolled 180 degrees to gain S-band
communications, and the resulting attitude is held inertially fixed, This
inertially fixed attitude satisfies the attitude requirements for the IMU
realignment occurring approximately 15 minutes after the CSM enters darkness.
About the time the CSM enters sunlight, the inertial attitude hold is ter-
minated and the CSM is maneuvered to the initial landmark tracking attitude
for a Mode III type landmark sighting sequence, which occurs early in the
sixth revolution on the second control point landmark. The landmark sighting
attitude is held locally fixed through the completion of the fifth revolution.

This attitude sequence allows S-band communications from the completion
of the landmark sighting sequence on the pseudo landing site landmark to the
loss of MSFN line-of-sight,

Sixth Revolution (Figure 7)

The sequence of significant events that occur during the sixth revolu-
tion is as follows:

Landmark sighting on the second control point landmark

Acquisition of MSFN line-of-sight

Landmark sighting on the pseudo landing site landmark

Enter darkness

IMU realignment
Loss of MSFN line-of-sight
Enter sunlight

0o N O N -
.

Landmark sighting on the first control point landmark



At the beginning of the sixth revolution, the CSM is in the locally fix-
ed initial landmark tracking attitude. A Mode III type landmark sighting
sequence is performed on the second control point landmark, and then the ve-
hicle is maneuvered back to the locally fixed initial landmark tracking attitude
for a Mode 111 type landmark sighting sequence on the pseudo landing site
landmark., After the completion of the sighting sequence on the pseudo land-
ing site landmark, the CSM is rolled 180 degrees to gain S-band communications,
and the resulting attitude is held inertially fixed. This inertially fixed
attitude satisfies the attitude requirements for the IMU realignment occurring
approximately 13 minutes after the CSM enters darkness. About five minutes
before the CSM enters sunlight; the inertial attitude hold is terminated, and
the CSM is maneuvered to the initial landmark tracking attitude for a Mode
II1 type landmark sighting sequence on the first control point landmark (Table
2). After the completion of the sighting sequence, the vehicle is maneuvered
back to the locally fixed initial landmark tracking attitude for a Mode III type
landmark sighting sequence, which occurs early in the seventh revolution on
the second control point landmark., The initial landmark sighting attitude
is held locally fixed through the completion of the sixth revolution.

This attitude sequence allows S-band communications from the completion
of the landmark sighting sequence on the pseudo landing site landmark to the
loss of MSFN line-of-sight.

Seventh Revolution (Figure 8)

The sequence of significant events that occur during the seventh re-
volution is as follows:

. Landmark sighting on the second control point landmark
. Acquisition of MSFN line-of-sight

. Landmark sighting on the third control point landmark
+ Landmark sighting on the pseudo landing site landmark

. IMU realignment
. Loss of MSFN line-of-sight

1
2
3
4
5. Enter darkness
6
7
8. Enter sunlight
9

. Landmark sighting on the first control point landmark

At the beginning of the seventh revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sighting
sequence 1s performed on the second control point landmark, and then the
vehicle is maneuvered back to the locally fixed initial landmark tracking
attitude for a Mode III type landmark sighting sequence on the third control
point landmark (Table 2). Upon completion of the sighting on the third control
point landmark, the CSM is maneuvered back to the locally fixed initial land-
mark tracking attitude for a Mode III type landmark sighting sequence on the
pseudo landing site landmark. After the completion of the sighting sequence
on the pseudo landing site landmark, the CSM is rolled 180 degrees to gain S-
band communications, and the resulting attitude is held inertially fixed.

This inertially fixed attitude satisfies the attitude requirements for the IMU
realignment occurring approximately 13 minutes after the CSM enters darkness.




About three minutes before the CSM enters sunlight, the inertial attitude
hold is terminated, and the CSM is maneuvered to the initial landmark track-
ing attitude for a Mode III type landmark sighting sequence on the first con-
trol point landmark. After the completion of the sighting sequence, the
vehicle is maneuvered back to the locally fixed initial landmark tracking
attitude for a Mode III type landmark sighting sequence, which occurs early in
the eighth revolution on the second control point landmark. The initial land-

mark sighting attitude is held locally fixed through the completion of the
seventh revolution.

This attitude sequence allows S-band communications from the completion
of the landmark sighting sequence on the pseudo landing site landmark to the
loss of MSFN line-of-sight.

Eighth Revolution (Figure 9)

The sequence of signficant events that occur during the eighth revolution
is as follows:

. Landmark sighting on the second control point landmark
. Acquisition of MSFN line-of-sight

. Landmark sighting on the third control point landmark
. Landmark sighting on the pseudo landing site landmark

. IMU realignment
+ Dark side and solar corona photography

1
2
3
4
5. Enter darkness
6
7
8. Loss of MSFN line-of-sight
9

. Orbital navigation photography (convergent stereo photography)
10, Enter sunlight

At the beginning of the eighth revolution, the CSM is in the locally
fixed initial landmark tracking attitude. A Mode III type landmark sighting
sequence is performed on the second control point landmark, and then the
vehicle is maneuvered back to the locally fixed initial landmark tracking
attitude for a Mode III type landmark sighting sequence on the third control
point landmark (Table 2). Upon completion of the sighting on the third con-
trol point landmark, the CSM is maneuvered back to the locally fixed initial
landmark tracking attitude for a Mode III type landmark sighting sequence on
the pseudc landing site landmark. After the completion of the sighting se-
quence on the pseudo landing site landmark, the CSM is rolled 180 degrees to
gain S-band communications, and the resulting attitude is held inertially fixed.
This inertially fixed attitude satisfies the attitude requirements for the
IMU realignment occurring approximately nine minutes after the CSM enters dark-
ness. Seventeen minutes before the CSM enters sunlight, the inertial attitude
hold is terminated, and the CSM is maneuvered to an attitude which allows
dark side and solar corona photography. The vehicle attitude, with respect



to the local horizontal orientation, is a pitch of minus 20 degrees and a

roll of 180 degrees. This attitude is held locally fixed for 15 minutes. The
CSM is then maneuvered to an attitude which allows orbital navigation photo-
graphy. This vehicle attitude, with respect to the local horizontal orien-
tation, is a pitch of minus 70 degrees and a roll of 180 degrees. This
attitude is held locally fixed through the completion of the eighth revolution.

This attitude sequence allows S-band communications from the completion

of the landmark sighting sequence on the pseudo landing site landmark to the
maneuver to the dark side and solar corona photography attitude.

Ninth Revolution(Figure 10)

The sequence of significant events that occur during the ninth re-
volution is as follows:

. Orbital navigation photography (convergent stereo photography)
Acquisition of MSFN line eof -sight

Enter darkness

IMU realignment
. Loss of MSFN line-of-sight

o n W~
.

. Enter sunlight

At the start of the ninth revolution, the CSM is in the orbital naviga-
tion photography attitude. This attitude is held locally fixed until the
CSM passes over the subsolar point. The CSM is then pitched 40 degrees and
rolled 180 degrees, and the resulting attitude is held locally fixed while
the convergent stereo photography continues. Approximately one minute after
the CSM enters darkness, the local attitude hold is terminated, and the CSM
is rolled 180 degrees and pitched minus 57.5 degrees. The resulting attitude
is then held inertially fixed., This inertially fixed attitude satisfies the
attitude requirements for the IMU realignment occurring approximately 15
minutes after the CSM enters darkness. At the loss of MSFN line-of-sight, the
inertial attitude hold is terminated, and the CSM is maneuvered to a lunar
observation attitude, The vehicle attitude, with respect to the local
horizontal orientation, is a pitch of minus 90 degrees. This attitude is
held locally fixed through the completion of the ninth revolution.

This attitude sequence allows S-band communications from 11 minutes prior
to the termination of orbital navigation photography to the loss of MSFN line-
of -sight.

Tenth Revolution (Figure 11)

The sequence of significant events that occur during the tenth revolution
is as follows:

1. Acquisition of MSFN line-of-sight

2. Enter darkness




3. 1IMU realignment
4. Loss of MSFN line-of-sight

5. Enter sunlight

6. Transearth Injection (TEI) burn

At the start of the tenth revolution, the CSM {is in the lunar observation
attitude., This attitude is held locally fixed until immediately before the
acquisition of MSFN line-of-sight. The CSM is then rolled 180 degrees for S-
band communications, and the local attitude hold is continued. Approximately
20 minutes before the CSM enters darkness, the local attitude hold is termina-
ted, and the existing attitude is held inertially fixed. This inertially
fixed attitude satisfies the attitude requirements for the IMU realignment
beginning as the CSM enters darkness. Approximately nine minutes before the
CSM enters sunlight, the inertial attitude hold is terminated, and the
vehicle is maneuvered to the TEI burn attitude. The burn attitude is then
held inertially fixed through the burn. The TEI burn boosts the CSM from the
60-nautical mile circular lunar orbit into the transearth trajectory. The burn
is performed with the CSM in a posigrade attitude, and the crew is heads down
to afford visual reference with the lunar surface.

This attitude sequence allows S-band communications from acquisition of
MSFN line-of-sight to loss of MSFN line-of-sight.
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TABLE I.- C' LUNAR ORBIT EVENT TIMELINE

Mission Time

Hr:Min:Sec Event

69:11:35 LOI1 cutoff, inertial attitude hold

69:29:00 Roll 180° for communications, inertial attitude hold
69:30:20 Acquire Canberra signal

70:14:20 Enter lunar umbra, begin IMU realigmment

70:36:35 Acquire Madrid signal

70154158 Lose Madrid signal

70:55:13 Lose Canberra signal, maneuver to lunar observation and

photography attitude, local attitude hold

71:00:26 Enter sunlight

71:38:25 Acquire Madrid signal

71:38:35 Acquire Canberra signal

72:08:30 Lose Canberra signal

72:15:00 Terminate local attitude hold and begin inertial attitude hold
72:22:47 Enter lunar umbra

72:27:00 Begin IMU realignment

72:55:00 Maneuver to circularization burn attitude except rolled 1800,

inertial attitude hold

73:03:18 Lose Madrid signal

73:05:00 Roll 180° to circularization burn attitude, inertial attitude
hold

73:09:01 Enter sunlight

73:30:53 Initiate circularization burn

73:31:03 Circularization burn cutoff, inertial attitude hold




TABLE I.- C' LUNAR ORBIT EVENT TIMELINE - Continued

Mission Time

Hr:Min:Sec

73:40:00

73:47:48
74:14:16

74:16:33

74:22:53
74:30:00

74:55:00

74:59:49
75:09:00

75:44:00

75:46:11
76:00:00
76:10:20
76:14:49
76:21:29
76:30:00
76:58:10
77:00:00
77:07:35

77:30:19

77:34:48

Event

Maneuver to landmark training photography attitude, local
attitude hold

Acquire Madrid signal
Start manual pitch rate for landmark training photography

Terminate pitch rate, pitch up for IMU realignment , inertial
attitude hold

Enter lunar umbra
Begin IMU realignment

Maneuver to orbital navigation photography attitude, local
attitude hold

Lose Madrid signal
Enter sunlight

Roll 1800, continue orbital navigation photography, local
attitude hold

Acquire Madrid Signal

Maneuver to landmark evaluation attitude, local attitude hold
Start -.3%/sec pitch rate for landmark evaluation

Terminate pitch rate, roll 180°, inertial attitude hold

Enter lunar umbra

Begin IMU realignment

Lose Madrid signal

Maneuver to landmark sighting attitude, local attitude hold
Enter sunlight

Start -.3°/sec pitch rate for control point landmark
sighting

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold
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TABLE I.- C' LUNAR ORBIT EVENT TIMELINE - Continued

Mission Time

Hr:Min:Sec Event
77:44:32 Acquire Madrid signal B
78:08:09 Acquire Goldstone signal
78:08:36 Start -.3°/sec pitch rate for pseudo landing site sighting .
78:13:05 Terminate pitch rate, roll 180°, inertial attitude hold
78:20:05 Enter lunar umbra
78:35:00 Begin IMU realignment
78:56:11 Lose Goldstone signal
78:56:32 Lose Madrid signal
79:06:00 Maneuver to landmark sighting attitude, local attitude hold
79:06:12 Enter sunlight
79:28:36 Start - 3°%/sec pitch rate for control point landmark sighting
79:33:05 Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold
79:42:30 Acquire Goldstone signal
79:42:51 Acquire Madrid signal
80:06:52 Start -.3°/sec pitch rate for pseudo landing site sighting
80:11:21 Terminate pitch rate, roll 1800, inertial attitude hold .
80:18:41 Enter lunar umbra
80:32:00 Begin IMU realignment
80:54:28 Lose Goldstone signal -
80:54:50 Lose Madrid signal
81:00:00 Maneuver to landmark signting attitude, local attitude hold .
81:04:48 Enter sunlight

81:12:25 Start -.3°/sec pitch rate for control point landmark sighting
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TABLE I.- C' LUNAR ORBIT EVENT TIMELINE - Continued

Mission Time

Hr:Min:Sec

81:16:54

81:26:53

81:31:22

81:40:51
81:44:48

81:49:17

82:05:08
82:09:37
82:17:17
82:30:00
82:52:49
83:00:00
83:03:24
83:10:42

83:15:11

83:25:09

83:29:38

83:39:13
83:43:05
83:45:31

83:47:34

Event
Terminate pitch rate, maneuver to landmark sighting attitude
local attitude hold
Start -.3°/sec pitch rate for control point landmark signting

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold

Acquire Goldstone signal
Start -.3%/sec pitch rate for control point landmark sighting

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold

Start -.3°/sec pitch rate for pseudo landing site sighting
Terminate pitch rate, roll 180°, inertial attitude hold
Enter lunar umbra

Begin IMU realignment

Lose Goldstone signal

Maneuver to landmark sighting attitude, local attitude hold
Enter sunlight

Start -.3%/sec pitch rate for control point landmark sighting

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold

Start -.3%/sec pitch rate for control point landmark sighting

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold

Acquire Goldstone signal
Start -.3%°/sec pitch rate for control point landmark sighting
Acquire Canberra signal

Terminate pitch rate, maneuver to landmark sighting attitude,
local attitude hold
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TARLE 1.- C' LUNAR ORBIT EVENT TIMELINE - Continued

Mission Time

Hr:Min:Sec Event
84:03:24 Start -.3%/sec pitch rate for pseudo landing site sighting i}
84:07:53 Terminate pitch rate, roll 1800, inertial attitude hold
84:15:54 Enter lunar umbra
84:25:00 Begin IMU realignment
84:45:00 Maneuver to darkside and solar corona photography attitude,
local attitude hold
84:50:47 Lose Canberra signal
84:51:14 Lose Goldstone signal
85:00:00 Maneuver to orbital navigation photography attitude, local

attitude hold

85:02:00 Enter sunlight

85:37:00 Pitch 400, roll 180° and continue orbital navigation
photography, local attitude hold

85:57:06 Acquire Canberra signal

85:37:15 Acquire Goldstone signal

86:14:30 Enter lunar umbra

86:1£:00 Roll 1800, pitch up for IMU realignment, inertial attitude
hold

86:30:00 Begin IMU realignment

86:49:05 Lose Canberra signal

86:49:35 Lose Goldstone signal

86:50:00 Maneuver to lunar observation attitude, local attitude hold )

87:00:37 Enter sunlight

87:35:00 Roll 1800, continue lunar observation, local attitude hold

87:35:27 Acquire Canberra signal

87:35:54 Acquire Goldstone signal




-
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*TABLE T.- C' LUNAR OXBIT EVENT TIMFLINE - Concluded

Mission Time

Hr:Min:Sec Event

87:53:00 Terminate local attitude hold, start inertial attitude hold
88:13:05 Enter lunar umbra, begin IMU realignment

88:47:25 Lose Canberra signal

88:47:53 Lose Goldstone signal

88:50:00 Maneuver to TEI burn attitude, inertial attitude hold
88:59:12 Enter sunlight

89:04:02 Initiate TEI burn
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TABLE IT.- SCANNING TELESCOPE SIGHTING TARGETS

Launch Date: December 21, 1968

Landing Site: II-P-2

Type Latitude Longitude Altitude (meters)
First control point landmark 4,200°s  164.300° W 0.0
Second control point landmark 12.500° s 151.500° E 0.0
Third control point landmark 8.500° § 96.000° E 0.0

Pseudo landing site landmark 2.570° N 35.000° E -890.0




MANEUVER TO LUNAR OSSERVATION
AND MO;O?IAMV ATTITUDE

(-45.0, 0.0, .0
LOCAL ATTITUDE HOLD

17

MISSION TimE
I10as

START PIRST REVOLUTION

LOI CUTOFE
-171.4, 4.9, 0.9)
INERTIAL ATHTIDE HOLD

LL
(-118.0, 6.9, 1005
INERTIAL ATFITUDE HOLD

-

X%, X. X, X, X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION |

oTE:

:‘os - ACQUISITION OF SIGNAL \ -‘-.,.‘,-

LOS - LOSS OF SIGNAL : ﬁ? M‘
\ P

MHGIN MU REALIGNMENT
(5.6, 6.9, 180.5)

Figure 1.- First revolution major events and attitudes.
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MISSION TME
70:20:15

START SECOND REVOLUTION
CONTINUE LUNAR OSSERVATION
AND PHOTOGRAPHY

{-45.0, 0.0, 100.0)

LOCAL ATTITUDE MOLD

ROLL 180 DEG TO CIRCULARIZATION
BURN ATTITUDE
1101.6, 0.0, 0.0!

.0}
SNERTIAL ATTITUDE HOLD AOS

MANEUVER TO CIRCULARIZATION
BURN ATTITUDE, ROLLED 180 DEG
73.4, 0.0, 180.0)

INERTIAL ATTITUDE HOLD

NOTE

AQS - ACQUISITION OFf SIGNAL

LOS - LOSS OF SIGNAL

(XX, XX, X. X} - VEHICLE ATTITUDE RELATIVE
1O THE LOCAL HORIZONTAL ORIENTATION

TEMAINATE LOCAL ATTITUDE HOLD

(-45.0, 0.0, 100.0}
INERTIAL ATTITUDE HOLD

SEGIN MU REALIGNMENT
(-14 5, 0.0, 180.0

Figure 2.- Second revolution major events and attitudes.




MISSION TIME

3:28:3%
START THIRD RIVOLUTION
INERTIAL ATYITUDE HOLD
CIRCULARIZATION BURN
{179.7, 0.0, 0.0
INERTIAL ATTITUDE HOLD

[

MANEUVER TO LANOMARK TRAINING
PHOTOGRAPHY ATTITUDE

(-52.5, 0.0, 180.0)

LOCAL ATTITUDE HOLD

/

176.4 AOS

169.6

141.3

Z 7
o ?ﬁ/‘lllﬁ SELENOGRAPHIC 10
K K ' s.' NGITUDE (DEG)
ool 2%
L 72
LOCAL ATTITUDE HOLD %//\\\

BEGIN MANUAL PITCH RATE
FOR LANDMARK TRAINING PHOTOGRAPHY

TERMINATE MANUAL PITCH RATE, (52.5, 0.0, 180 O
FiTCH - O DEC

0 DEG
INERTIAL ATTITUDE HOLD

NOTE:

ACS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

IXUX XXX XY - VEHICLE ATTITUDE RELATIVE
10 THE LOCAL HORIZONTAL ORIENTATION

BEGIN IMU REALIGNMENT
1-31.8, 0.0, 180.00

Figure 3.- Third revolution major events and attitudes.
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MISSION Time
75:37:35

START FOURTH REVOLUTION
CONTINUE O-IYOAL NAVIGATION PHOTOGRAPHY

(-90.0, 0.0, 180,
LOCAL ATTITUOE HOLD

POLL 180 DEG, CONTINUE ORBITAL
NAVIGATION PHOTOGRAPHY
{-%0.0, 0.0, 0.0

LOCAL ATTITUDE HOLD

MANEUVER TO LANDMARK
SIGHTING ATTITUDE
15.0, 0.0, 0.00

(OCAL ATTITUDE HOLD 1o

MANEUVER TO L ANOR ARK
SIGHTING ATTITUDE

15.0, 0.0, 0.0

LOCAL ATYTUDE HOLD

BEGIN -0 ] Df G SEC MTCH RATE FOR

NOTE
AOS - ACQUISITION Of SIGNAL MODE 1l TYPE LANDMARK SIGHTINGS

LOS - LOSS OF SIGNAL
00X, X, XX = VEHICLE ATTITUDE RELA TIVE
1O THE LOCAL HORIZONTAL ORIENTATION

TERMINATE PLTCH RATE, ROLL 180 DEC
(-62.1, 0.0, 180.0¢
INERTIAL ATTITUDE HOLD

BEGIN MU REALIGNMENT
(-16.0, 0.0, 180.0Y

Figure k.- Fourth revolution major events and attitudes.
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START - 0.3 DEG/SEC 178 SEC
PITCH RATE
5.0, 0.0, 0.0)

e e
ACCEPTABLE
MARK
RMGION

TERMMINATE - 0.3 DEG/SEC
RATE (-42.1, 0.0, 0.0)

L TOPOCENTRIC
HORIZON

9.6 KO
Lt

X, XXX X) - VEMICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

LANOMARK

e 4.8
DE,

Figure 5.- Mode III-type landmark sighting attitude sequence.
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MISSION TimE
77:34:18

START FIFTH REVOLUTION
LANDMARK SIGHTING ATTITUDE
5.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

SEOIN 0.3 DBG/SEC PITCH RATE POR
MODE 11l TYPE LANDMARK SIOHTINGS

TERMINATE PITCH RATE, MANEUVER TO
LANDMARK SIGHTING ATTITUDE

(5.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

MANEUVER TO LANDMARK SIGHTING
ATTITUDE

5.0, 0.0, 0.0)

LOCAL ATTITUDE HOLD

AOS

BEGIN -0.3 DEG /SEC PITCH RATE FOR
MODE 1) TYPE LANDMARK SIGHTINGS

BEGIN MU REALIGNMENT
4.5, 0.0, 180.0)

TERMINATE PITCH RATE, MOLL 180 DEG
(-62.1, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

O TE:
AQS - ACQUISITION OF SIGNAL
LOS - LOSS OF SIGNAL
0O, X, X, X X} - VERICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

Figure 6.- Fifth revolution major events and attitudes.




TEWAINATE PITCH RATE, MANEUVER
} TO LANDMARK SIGHTIKG ATTINOE .0, 0.0)
& et woLd LOCAL AtTITUDE HOLD

LOCAL

BEGIN -0.3 DEG/SEC PITCM RATE FOR
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MISSION Time
79:34:58

8.0

START SIXTH REVOLUTION
LANDMARK SIGHTING ATTITUDE

SEGIN ~0.3 DEG/SEC PITCH RATE FOR

MODE Hi TYPE LANDMARK SIGHTINGS

MANEUVER TO LANDMARK SIGHTING ATTITUDE
(5.0, 0.0, 0,0}
LOCAL ATTITUDE HOLD

/
BEGIN IMU REALIGNMENT
0.8, 0.0, 180.0)

NOTE:

AQS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

(XX, X, X, X, X) - VEHICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

Figure T.- Sixth revolution major

MODE 11l TYPE LANDMARK SIGHTINGS

TERMINATE PITCH RATE, MANEUVER
TO LANDMARK SIGHTING ATTITUDE

(8.0, 0.0, 0.0)
LOCAL ATTITUDE HOLD

BEGIN -0,3 DEG /SEC PITCH RATE FOR
MODE 1t TYPE LANDMARK SIGHTINGS

\
TERMINATE PITCH RATE, ROLL 180 DEG
(-62.1, 0.0, 180.0)
INERTIAL ATTITUDE HOLD

events and attitudes.
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MISSION TWAE
81:33:38
START SEVENTH REVOLUTION
TERMINATE PITCH RATE, MANEUVER  LANOMARK SIGHTING ATTITUOE
TO LANDMARK SIGHTING ATTITUDE (5.0, 0.0, 0.0)
(5.0, 0.0, 0.0) LOCAL ATTITUDE HOLD
LOCAL ATTITUDE HOLD
BEGIN - 0. DEG/SEC PITCH RATE FOR
BGIN -0.3 DEG /SEC PITCH RATE FOR MODE 11 TYPE LANDMARK SIGHTINGS
MODE I TYPE LANDMARK SIGHTINGS
TERMINATE PITCH RATE, MANEUVER
1O LANDMARK SIGHTING ATTITUDE

(5.0, 0.0, 0.0)
LOCAL ATTITUDE HOLD

MANEUVER TO LANDMARK SIGHTING ATTITUDE
5.0, 0.0, 0.0
LOCAL ATTITUDE HOLD

BEGIN 0.3 DEG/SEC PITCH RATE FOR
MODE (I} TYPE LANDMARK SIGHTINGS

!
TERMINATE PITCH RATE, MANEUVER
TO LANDMARK SIGHTING ATTITUDE

5.0, 0.0, 0.0)
LOCAL ATTITUDE HOLD

BEGIN -0.1 DEG AEC PITCH RATE FOR
MODE 11l TYPE { ANDMARK SIGHTINGS

T,

BEGIN MU REALIGNMENT

(-0.3, 0.0, 180.0% TERMINATE PHCH RATE, ROLL 180 DEG
R 1-62.1

., 0.0, 180.0)
INERTIAL ATTHUDE HOLD

NOTE
AQS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

0 X, XX, X, X} - VEHICLE ATTITUDE RELATIVE
10 THE LOCAL HORIZONTAL ORIENTATION

Figure 8.- Seventh revolution major events and attitudes.




MISSION TIME
83:32:13
START EIGHTH REVOLUTION
LANDMARK SIGHTING ATTITUDE
(5.9, 0.0, 0.0}
LOCAL ATTITUDE HOLD
BOIN -0.3 DEG/SEC PITCH RATE POR
MODE 111 TYPE LANDMARK SIGHTINGS
TERMINATE PITCH RATE, MANEUVER
TO LANDMARK SIGHTING ATTITUDE
(5.0, 0.0, 0.0)
u/xu ATTITUDE HOLD
MANEUVER TO ORBITAL NAVIGATION
PHOTOGRAPHY ATTITUDE
(-70.0, 0.0, 180.0)
LOCAL ATTITUDE HOLD
171.3

AOS

/ NS A AL A
7 g
g
C_

SELENOGRAPHIC LONGITUDE (DEG)

0 TERMINATE PITCH RATE, MANEUVER
® 0 LANDMARK SIGHTING ATTITUDE
" (5.0, 0.0, 0.0}
/ v : LOCAL ATYIVUD(I HOLD
_— , \
v
‘4’5
\ /
Do X{ / .
1\
)
A
MANEUVER TO DARK SIDE AND SOLAR
CORONA PHOTOGRAPHY ATTITUDE
-20.0, 0.0,

_

NOTI
AOS

E
- ACQUISITION OF SIGNAL
LOS - LOSS OF SIGNAL

BEGIN -0.3 DEG /SEC PITCH RATE FOR
MODE 1 TYPE LANDMARK SIGHTINGS

(XX, X.X,%. X} - VEHICLE ATTITUDE RELATIVE
JO THE LOCAL HUKIZONTAL ORIL

TATION

-82.1, 0.0
INERTIAL

TERMINATE PITCH RATE, ROLL 180 DEG
62.1, 0.0, 180.0) .
ATTITUDE HOLD

SEGIN 1MU REALIGNMENT
(-37.8, 0.0, 180.0)

Figure 9.- Eighth revolution major events and attitudes.
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MISSION TIME
05:30:33

START NINTH EVOLUTION

CONTINUE OMITAL NAVIGATION PHOTOGRAPHY
(=70.0, 0.0, 180.0)

LOCAL ATTITUDE HOLD

PICH 40 DEG, ROLL 180 DEG AND CONTINUE
ORBITAL NAVIGATION PHO TOGRAPHY
(-110.0, 0.0, 0.0}
LOCAL ATTITUDE HOLD

MANEUVER TO LUNAR OBSERVATION ATTITUDE
1-90.0, 0.0, 0.0)
LOCAL ATTITUDE HOLD

e
S

SEGIN IMU REALIGNMENT
(~10,0, 0.0, 180.0)

NOTE
AOS - ACQUISITON OF SIGNAL
LOS - LOSS OF SIGNAL
XX, XX X « VEHICLE ATTITUDE RELATIVE
W ROLL 180 DEG, PITCH UP FOR IMU REALIGNMENT

10 IHE LOCAL HORIZONTAL OMENTATION |

(-52.5, 0.0, 180.0
INERTIAL ATTITUDE HOLD

Figure 10.- Ninth revolution major events and attitudes.
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MISSION TiME
:38

STARYT TENTH SIVOLUTION
CONTINUE LUNAR OSSERVATION
1-“.0. 0.0, 0.0]

OCA ATTITUDE HOLD

TEI BN
-6.3, 0.0,\4<ﬂ /_

ROLL 180 DEG, CONTINUE LUNAR OSSERVATION
{-90.0, 0.0, 80,0}
LOCAL ATTITUDE HOLD

MANEUVER TO TEI BURN ATTITUDE -131.0
-48.9, 0.4, -179.9)
INERTIAL ATTITUDE MIOLD

(1
S

-103.0
SELENOGRAPHIC LONG]TUDE (DEG)

_ A

4.4

TERMINATE LOCAL ATTITUDE HOLD,
BEGIN INERTIAL ATTITUDE HOLD
(-90.0, 0.0, 180.0)

NOTE:

AOS - ACQUISITION OF SIGNAL

LOS - LOSS OF SIGNAL

(X.%,X. X, X.X) ~ VEMICLE ATTITUDE RELATIVE
TO THE LOCAL HORIZONTAL ORIENTATION

BEGIN WU REALIGNMENT
(-29.0, 0.0, 180.0}

Figure 1l1.- Tenth revolution major events and attitudes.
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